In a recent study of localized amyloidosis of the respiratory tract, McAlpine, Radcliffe, and Friedmann (1963) discussed the methods of distinguishing amyloid from other varieties of hyaline substances. They concluded that a homogenous acellular eosinophilic substance which showed metachromasia, strong affinity for Congo red, birefringence and dichroism if stained with Congo red, no birefringence or dichroism if unstained, strong fluorescence in ultra-violet light if stained with Thioflavin T, and a high degree of resistance to pepsin extraction was characteristic of amyloid. However, it was pointed out that the Thioflavin T method had not been subjected to an extensive control study using hyaline (non-amyloid) deposits.
In a recent study of localized amyloidosis of the respiratory tract, McAlpine, Radcliffe, and Friedmann (1963) discussed the methods of distinguishing amyloid from other varieties of hyaline substances. They concluded that a homogenous acellular eosinophilic substance which showed metachromasia, strong affinity for Congo red, birefringence and dichroism if stained with Congo red, no birefringence or dichroism if unstained, strong fluorescence in ultra-violet light if stained with Thioflavin T, and a high degree of resistance to pepsin extraction was characteristic of amyloid. However, it was pointed out that the Thioflavin T method had not been subjected to an extensive control study using hyaline (non-amyloid) deposits.
In localized laryngeal amyloidosis the main histological differential diagnosis is from areas of hyalinization occurring in laryngeal polyps. In many cases these areas are indistinguishable from amyloid when stained with haematoxylin and eosin. Further they also show a strong affinity for Congo red, which ' Present address: Department of Pathology, Makerere University College, P.O. Box 2072, Kampala, Uganda.
Received for publication 19 August 1963. has led to errors of diagnosis and confusion in the literature. The main purpose of the present study was to apply the methods used by McAlpine et al. (1963) to specimens of hyalinized collagen and hyaline deposits occurring in laryngeal, aural, and nasal polyps, in order to assess their value for differentiating amyloid from hyaline deposits. The other purpose was to examine the laryngeal hyaline deposits for amyloid, so as to look for evidence of a possible transformation of hyaline material into true amyloid.
MATERIALS AND METHODS
Specimens were only selected if the haematoxylin-andeosin-stained sections had been reported on as showing some degree of 'hyaline degeneration', 'hyalinization', or contained 'hyaline deposits' which resembled amyloid. A few specimens were also included which contained areas of hyalinized collagen (Fig. 1) or thickened basement membranes. The sources and various types of hyaline are given in Table I . The laryngeal polyps all showed areas of perivascular, intravascular, and interstitial hyaline material (Figs. 2 and 3) . Several also showed a subepithelial acellular hyaline deposit which was often homogeneous but never showed the 'flake' form, round 213 (Pearse, 1960 ); Mallory's phosphotungstic acid haematoxylin (P.T.A.H.) (Pearse, 1960) ; and for metachromasia with methyl violet 2B (Crystal violet, colour index 681, G. T. Gurr, Ltd.), using the second method given by Pearse (1960) hyaline material in 40 polyps from the larynx. ear, and nose showed no staining. In five laryngeal polyps a faint orange-red staining was obtained in the hyaline deposits, and the hyaline deposits around the blood vessels in four nasal polyps stained orange red. Hyalinized collagen in six specimens and the aural fibroma showed moderate affinitv for the stain; mucin, keratin, and hyalinized basement membranes were negative.
CONGO RED AFFINITY BY FREUDENTHAL'S METHOD All specimens containing the various types of hyaline stained in varying shades of orange-red. Normal tissue components such as collagen, smooth muscle, mucin, blood vessels, and keratin were also strongly stained. Poor differentiation was obtained between the amyloid and the surrounding tissues in the control sections.
POLARIZATION MICROSCOPY OF UNSTAINED SECTIONS
Areas of hyalinized collagen and the aural fibroma showed strong birefringence in the unstained state. The hyalinized areas in the polyps showed weaker birefringence, which was partly due to some collagen fibres and to small areas of hyaline material which appeared as groups of fine short fibrils. The appearance of these small areas altered when the specimen was rotated between crossed polaroid filters; fibrils which were birefringent in one plane of polarized light became negative if rotated through an angle of 90°. By careful comparison of these areas in the van Gieson and P.T.A.H.-stained sections it was found that the birefringent fibrils in the small areas corresponded to the areas which were stained blue with P.T.A.H.
POLARIZATION MICROSCOPY OF CONGO RED-STAINED
SECTIONS The hyaline deposits which were birefringent in an unstained state became negative after staining with both Congo red methods. In all cases the birefringence of the areas of fine fibrils (P.T.A.H. positive) was abolished by the Highman's method even though there was no visible staining. Hyaline deposits which showed weak staining with Highman's method or overstained with Freudenthal's method gave no birefringence. In contrast areas of hyalinized collagen or collagen fibres became strongly birefringent with both methods, but hyalinized basement membranes, mucin, and keratin remained negative.
All birefringent specimens stained with Congo red were rotated between crossed polaroid filters to obtain dichroic effects. Areas of hyalinized collagen (1963) . The exact identity of the hyaline substances (except for fibrin) remains unknown, but their staining reactions fell into a group which is quite different from amyloid or hyalinized collagen (Table Il) . The results also indicate that any hyaline deposit which is suspected of being true amyloid must be studied by using all the methods or stains.
The metachromatic staining reaction of amyloid is used histologically to distinguish it from other hyaline materials. It is significant that no hyaline deposits in the polyps showed this staining reaction; also the few polyps which showed some staining with Highman's Congo red method were not metachromatic. Epstein, Winston, Friedmann, and Ormerod (1957) found no metachromatic staining in hyalinized vocal cord polyps which showed some affinity for Congo red. Kelly and Craik (1952) omitted methyl violet metachromasia from their study of hyalinized laryngeal polyps on the grounds that the stain was not permanent. It must be stressed here that metachromasia must always be assessed on any homogeneous eosinophilic deposit or hyalinized material suspected of being amyloid, even though the method does suffer from impermanence.
Although Congo red was introduced by Bennhold (1922) as a stain for amyloid, Ladewig (1945) , Stark and McDonald (1948) , Dahlin (1949) , Montgomery and Muirhead (1954) , Symmers (1956) , Montgomery and Muirhead (1957) , Pearse (1960), and McAlpine et al. (1963) all reported non-specific staining reactions of various normal and pathological tissue constituents, particularly hyaline deposits and hyalinized collagen. In the present study most of the hyaline deposits in the polyps were negative when using Highman's technique (1946) Unstained sections of laryngeal, aural, and nasal polyps showed slight autofluorescence when examined in ultra-violet light. After staining with Thioflavin T there was a slight increase of brilliancy which was more marked in the case of three specimens of hyalinized collagen. These findings differ from those for amyloid which showed brilliant fluorescence when stained with this fluorochrome.
The overall colour obtained with amyloid was a brilliant silver-blue, but this colour was not homogeneous. Areas of either bright blue or greenish-blue with yellow or yellowish-green fluorescence were obtained with different specimens. Vassar and Culling (1959) , who first applied this fluorochrome to amyloid, failed to give any indication of the colour of the fluorescence, except to say that specimens from primary amyloidosis gave a brighter fluorescence. Kurban (1960) reported that amyloid deposits in the skin gave a bright light blue fluorescence, and that hyaline deposits in cases of colloid milum and senile elastosis gave no fluorescence. Vassar and Culling (1961) (1961 and 1962) did not compare the Thioflavin T fluorescence with other stains for amyloid, but Kurban (1960) and Peterson and Schulz (1961) supported their observations with other amyloid staining methods. In the present study the different colours of fluorescence were given by amyloid specimens which had been studied by all the other methods given in Table II , so there can be no doubt about the identity of the amyloid. Hence it appears that ultra-violet light can excite strong blue, green, or yellow wavelengths, as pure or mixed colours from amyloid stained with Thioflavin T, and further that green or yellow wavelengths are not obtained from specimens of hyaline deposits. Although the fluorescence was brighter in the specimens of hyalinized collagen, the colour obtained was light blue. Difficulties of identifying deposits are likely to occur with this method if strong blue fluorescence is obtained from hyalinized collagen, excitation of green or yellow wavelengths from non-amyloid materials, e.g., cartilage matrix, and quenching or alteration of the fluorescence by prolonged fixation. In the present study the Thioflavin T method was found to be valuable in distinguishing amyloid from hyaline deposits, but it should only be used to identify amyloid in conjunction with other methods.
Hyaline deposits in laryngeal, aural, and nasal polyps were digested by pepsin. but the amyloid controls were not significantly affected. Missmahl (1950) , Wagner (1957) , and Arvy and Sors (1958) reported that amyloid was resistant to the digestion of proteolytic enzymes. Windrum and Kramer (1957) showed that amyloid was relatively more resistant to peptic digestion than either collagen or scar tissue. Pearse (1960) remarked that enzyme digestion is not usually used as a diagnostic procedure. McAlpine et al. (1963) found it useful to distinguish hyaline deposits in a tonsil and a laryngeal polyp which were suspected of being amyloid. The present study also shows that this method is of diagnostic value in distinguishing amyloid from hyaline (non-amyloid) deposits.
Although considerable variation was obtained in the staining pattern of laryngeal, aural, and nasal polyps with the P.T.A.H. stain they all showed some blue-staining areas of fibrin. In contrast no fibrin was found in the amyloid deposits in cases of localized amyloidosis (McAlpine et al., 1963; McAlpine and Fuller, 1964 Symmers (1956) and Dahlin (1949) reported that a van Gieson stain was particularly useful in distinguishing amyloid from hyalinized collagen. Amyloid deposits stain a pale greenish-yellow or khaki colour with this stain. The hyaline material in the polyps showed a strong affinity for the picric acid component of the stain but three specimens also stained the same colour as amyloid. Coagulated serum proteins, present in the lumina of blood vessels, also showed strong affinity for the picric acid. The specimens containing hyalinized collagen were fuchsinophilic, staining red or orange-red. These results show that a van Gieson stain is essential to detect hyalinized collagen which may closely resemble amyloid, and that all non-fuchsinophilic deposits must be studied by other methods in order to determine their nature.
No areas of amyloid were found in the hyaline deposits of the laryngeal polyps. Ash and Schwartz (1944) , Ash and Raum (1956) , Molnar, Merei, and Szlepka (1957), and Fini Storchi (1957) all found no evidence of amyloid in hyalinized laryngeal polyps. However, Falbe-Hansen (1955) described the occurrence of laryngeal polyps in two patients a few years before the development of localized amyloidosis, but a detailed report of the histology and staining characteristics was omitted. Although Cameron (1952) mentions that hyaline may accompany amyloid, there are no reports in the literature which describe areas of amyloid occurring in a hyalinized laryngeal polyp. The larynx is unique in respect that it is the commonest site in the body to be affected by the uncommon condition of localized amyloidosis (Pollak, 1914; Rey, 1937; McAlpine and Fuller, 1964) ; also it is the site of the relatively more common condition of hyalinized polyps. These conditions are regarded as two different pathological entities, but they affect the same tissues, so if amyloid is formed from hyaline substances then the larynx is the best site in which to study this possible phenomenon. McAlpine and Fuller (1964) investigated a patient with localized laryngeal amyloidosis who had 'polypoidal mucosa' removed from the larynx 10 years before presentation with amyloid deposits, but re-examination of the earlier biopsy material only showed the presence of amyloid which had been previously overlooked.
Further work is required on other cases if this type, using the methods described in the present report, so as to study the theoretical possibility of hyaline deposits being converted into amyloid, and to establish that the formation of amyloid or hyaline
